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Abstract

To better understand the association of alcohol intake with cognitively healthy longevity (CHL) we
explored the association between amount and frequency of alcohol intake and CHL among 1,344
older community-dwelling adults. Alcohol intake was assessed by questionnaire in 1984-1987.
Cognitive function was assessed in approximate four-year intervals between 1988 and 20009.
Multinomial logistic regression, adjusting for multiple lifestyle and health factors, was used to
examine the association between alcohol consumption and CHL (living to age 85 without
cognitive impairment), survival to age 85 with cognitive impairment (MMSE score >1.5 standard
deviations below expectation for age, sex and education), or death before age 85. Most participants
(88%) reported some current alcohol intake; 49% reported a moderate amount of alcohol intake,
and 48% reported drinking near-daily. Relative to nondrinkers, moderate and heavy drinkers (up to
3 drinks/day for women and for men 65 years and older, up to 4 drinks/day for men under 65
years) had significantly higher adjusted odds of survival to age 85 without cognitive impairment
(P%<0.05). Near-daily drinkers had 2—3 fold higher adjusted odds of CHL versus living to at least
age 85 with cognitive impairment (odds ratio (OR)=2.06; 95% confidence interval (Cl): 1.21,
3.49) or death before 85 (OR=3.24; 95% ClI: 1.92, 5.46). Although excessive drinking has negative
health consequences, these results suggest that regular, moderate drinking may play a role in
cognitively healthy longevity.
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INTRODUCTION

Advances in public health and biomedical science have led to significant gains in life
expectancy. By 2050 the world population over age 85 is expected to grow by 350% [1]. To
decrease the societal burden of this demographic shift and to enhance quality of life among
older adults, it is imperative to identify factors that promote healthy longevity. One potential
factor is alcohol intake. Although excessive alcohol intake and alcohol intake among
vulnerable populations (e.g. adolescents, pregnant women, those with substance use
disorders) is a major public health concern, moderate intake among healthy adults may be
associated with health benefits and longer lifespan [2-5]. Several studies report that the
benefits of moderate alcohol intake also extend to the maintenance of cognitive health in late
life [6-9], however the association is not consistent. The majority of studies support a
protective effect of moderate alcohol intake, but some report a negative or null association
[10-12]. A meta-analysis of 23 longitudinal studies found that low to moderate alcohol
intake was protective for dementia (relative risk (RR)=0.63, 95% confidence interval (Cl):
0.53, 0.75) and Alzheimer’s disease (RR=0.57, 95% CI: 0.44, 0.74), but was not
significantly associated with vascular dementia or age-related cognitive decline [8].
However, the characterization of alcohol exposure, the cognitive outcomes assessed, and the
consideration of confounding variables varies widely across studies [13].

Most studies have examined the association of the amount of alcohol intake with mortality
or cognitive impairment; fewer have examined associations with drinking frequency [14].
However, there is increasing evidence that drinking patterns may have greater influence over
health than the amount consumed in a given time period, with the most favorable profile
observed in regular, moderate drinkers and the poorest outcomes associated with chronic,
heavy and binge-type drinking habits [15-17]. The importance of drinking pattern in
prolonging cognitive health is not well known and merits greater attention.

The objective of this study was to examine the association of the amount and frequency of
alcohol intake with cognitively healthy survival to age 85 in a cohort of older community-
dwelling adults, taking into account multiple potentially confounding lifestyle and health
factors.

MATERIALS AND METHODS

Study participants

The Rancho Bernardo Study (RBS) is an ongoing cohort study established in 1972-1974
when 82% (n=6,339) of residents aged 30 and older, from the San Diego, CA suburb of
Rancho Bernardo, were recruited for a study of heart disease risk factors [18]. Participants
were predominantly white (99.4%), middle to upper-middle class adults aged 30-79. In
1984-87, 82% of the surviving RBS participants (n=2,479) attended a research clinic visit
that included a detailed questionnaire on alcohol intake. Participants were followed for vital
status through December 2013. Cognitive function was first assessed at a research visit in
1988-92, and at subsequent visits approximately every 4 years. The last visit included in this
analysis occurred in 2009. Eligibility for the current study required that participants had the
potential to reach age 85 during the follow-up period (i.e. age 55-84 years at the 1984-87
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visit); 538 participants were excluded based on age eligibility. Additionally, those who lived
to at least age 85 must have had a cognitive function assessment within two years of their
85t birthday, or must have shown intact cognitive function at any visit subsequent to their
85t birthday; 584 participants were excluded based on this criterion. After exclusion of an
additional 13 participants missing educational status, there remained 1,344 participants (728
women, 616 men) for the current analysis. This study was conducted in compliance with the
Declaration of Helsinki and approved by the University of California San Diego (UC San
Diego) Institutional Review Board; all participants provided written informed consent prior
to participation at each visit.

Alcohol consumption

Alcohol consumption was assessed using a self-administered standardized questionnaire
collected during the 1984-87 visit. Participants were asked if they had ever drunk an
alcoholic beverage and, if so, whether they had done so within the past 12 months. Those
answering yes to these questions were queried about how often they consumed alcohol in an
average week with response choices of daily/almost daily; 3—4 times/week, 1-2 times/week,
1-2 times/month, or once/month. They were also asked how many bottles or cans of beer,
glasses of wine, mixed drinks, and liqueurs or other drinks they consume during an average
week. The following formula was used to estimate average weekly alcohol intake: grams of
ethanol =[(number of bottles or cans of beer)(120z.)(0.0450z. ethanol/oz. beer) + (number of
glasses of wine)(3.50z.)(0.1220z. ethanol/oz. wine) + (number of mixed drinks)(1.50z.)
(0.410z. ethanol/oz. spirits) + (number of liqueurs)(10z.)(0.3620z. ethanol/oz. liqueurs)x
(29.6 ml/0z.)]x0.7893g/ml where 12 grams of ethanol is equal to one drink [19].

Individuals denying past alcohol use (lifetime abstainers) and those who did not drink within
the last year (former drinkers) were categorized as non-drinkers. Using sex-specific
guidelines from the National Institute on Alcohol Abuse and Alcoholism, current drinking
was categorized as moderate (<1 drink/day for men age 65 and older and women; <2
drinks/day for men under 65), heavy (>1-3 drinks/day for men age 65 and older and women;
>2-4 for men under 65), or excessive (>3 drinks/day for men age 65 and older and women;
>4 drinks/day for men under 65) [20]. To describe frequency of alcohol intake, participants
were categorized as nondrinkers, infrequent (<2 times/month), weekly (1-4 times/week) or
near-daily drinkers (5-7 times/week).

Mortality assessment

Vital status was determined annually by mailed questionnaires. Date and cause of death for
decedents was obtained from death certificates.

Cognitive status

Cogpnitive function was assessed beginning in 1988-1992 at 6 visits at approximate four-year
intervals. The Mini-Mental State Examination (MMSE) [21] was administered by a trained
interviewer [22]. Raw MMSE scores were converted to sex, age and education adjusted Z-
scores using normative data from the National Institute on Aging—Alzheimer’s Disease
Research Center Uniform Data Set [23]. Individuals with Z-scores below —1.5 were
classified as having cognitive impairment [24]. Individuals surviving to age 85 with
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cognitive impairment were classified as having Cognitively Impaired Longevity (CIL).
Those surviving to at least age 85 without cognitive impairment were classified as attaining
Cognitively Healthy Longevity (CHL). To be classified as having CHL individuals must
have completed the MMSE within 2 years of age 85, or older, with a Z-score of 1.5 or
higher.

Covariate assessment

Baseline data collected at the 198487 visit included detailed information on lifestyle,
medical history, anthropometrics and laboratory measures. Lifestyle information, including
smoking, exercise (=3 times/week), and marital status was acquired through standard
questionnaires. As described previously [25], depressed mood was assessed using 18 of the
21 items on the Beck Depression Inventory [26]; scores were proportionally adjusted.
Individuals with a score below 13 were considered not categorically depressed. Participants
were also asked about current medication use (number of medications) and whether they had
ever been diagnosed with any of the following: thyroid, liver, kidney, or cardiovascular
disease, diabetes, cancer (non-skin), emphysema, arthritis, hip fracture, hypertension, stroke,
or transient ischemic attack. Height, weight and waist and hip circumference were measured
with participants in light clothing and no shoes, and waist-hip ratio was calculated as a
measure of central adiposity. Blood pressure was recorded as the average of two readings
obtained while the participant was in the rested, seated position by a nurse trained in the
Hypertension Detection and Follow-up Program protocol [27]. Metabolic syndrome was
defined using 2001 NCEP-ATPIII criteria [28].

Blood samples were collected after a requested overnight fast. Total, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol, and triglycerides were
measured in a Center for Disease Control certified laboratory [29]. High-sensitivity C-
reactive protein (CRP) measured by immunonephelometry (N-Latex CRP mono, Dade
Behring, Deerfield, 1llinois) was available for 1,040 subjects. Serum aspartate
aminotransferase and alanine aminotransferase were measured by spectrophotometry.
Gamma-glutamy| transferase was measured using the colorimetric method by a UCSD
clinical laboratory. Apolipoprotein E (APOE) genotyping was carried out for a subsample of
892 participants by Sequana Therapeutics (La Jolla, CA) [30].

Statistical analysis

Descriptive statistics were calculated for independent variables including the mean and
standard deviation (SD) for continuous variables and frequencies and percent for categorical
variables. Non-normally distributed variables were log-transformed prior to analysis.
Differences in covariates by levels of alcohol intake were assessed by chi-square or Fisher’s
exact tests and ANOVAs. Tests for trend were performed using linear or logistic regression.

Multinomial logistic regression models were constructed to examine the association between
alcohol consumption and the three level outcome of interest: death before 85, CIL, and

CHL. Odds ratios and 95% confidence intervals were estimated unadjusted and in sequential
models adding adjustment for {1} age (years), sex and education (some college; yes/no), {2}
smoking (never/current/former), exercise (=3 times/week; yes/no) and waist-hip ratio, {3}
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number of comorbidities and number of medications, {4} marital status (married/not-
married) and {5} depression (Beck Depression Inventory score >13, yes/no). Beck
Depression Inventory scores were missing for 70 participants. Missing values for depression
(yes/no) were imputed using SAS PROC MI. Non-drinkers (current non-drinkers and
lifetime abstainers) were used as the reference category for all models.

Linear trends were assessed by including amount and frequency of alcohol intake as ordinal
variables, and nonlinear trends were assessed by inclusion of quadratic terms. Multiplicative
interactions were evaluated by testing the significance of alcohol intake by sex and alcohol
intake by APOE genotype interaction terms.

Potential confounding effects of diet were explored in a subset of 495 individuals who
completed the 153-item Willett Food Frequency Questionnaire [31] at baseline. We
calculated a modified Mediterranean diet score based on the scale by Trichopoulou et al.
[32] as previously described [33]. We used the following components: vegetables, legumes,
fruits, nuts, whole grains, fish, red meat, and monounsaturated-to-saturated fat ratio. Alcohol
was not included as a component of the score. Individuals with red meat intake below the
sex-specific median received one point and zero points otherwise. For each of the other
components, those consuming above the sex-specific median received one point and zero
points otherwise. The sum of these scores and the microgram amount of vitamin B12 intake
from food were used as covariates in the multinomial regression model.

To address bias that may result from including individuals with poor health, we repeated
these analyses excluding those who reported being in “worse” health compared to others the
same age; thus, restricting the sample to those individuals reporting “better” or “the same”
perceived health as their peers at baseline (N=1,284). Measures of cognitive function were
not available prior to the 1988-1992 visit, therefore we were unable to identify existing
cases of cognitive impairment at baseline. As a sensitivity analysis, we repeated our analysis
excluding participants above the median age of 74 years at baseline assuming they were at
higher risk of cognitive impairment than younger participants. We also performed a
sensitivity analysis limited to non-smokers only.

A Pvalue below 0.05 (2-sided test) was considered statistically significant. All analyses
were carried out using SAS (version 9.4, SAS Institute, Inc., Cary, NC).

Population characteristics

Baseline demographic and health characteristics of participants at the 1984-1987 visit
according to amount of alcohol consumption are shown in Table 1. Most participants
consumed some alcohol; only 157 (12%) were non-drinkers. Of these, only 28 (2.1%) were
lifetime abstainers. Overall, 653 participants (49%) were moderate drinkers, 486 (36%) were
heavy drinkers and 61 (5%) reported excessive levels of drinking. Men reported more
alcohol consumption than women (54.5% heavy drinkers vs 45.5% for women; £<0.001).
Excessive drinkers were younger than other groups (mean = SD=67.4 + 6.5vs 71.8 £ 6.7
years for non-drinkers; £<0.001). Heavy and excessive drinkers were more likely to have
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attended college (74.6% and 80.3% vs 68.2% for non-drinkers; £=0.004) and to be current
smokers (17.3% and 32.8% vs 8.9% for non-drinkers; A<0.001). Individuals who reported
heavy drinking also exercised more frequently (87.3% exercised >3 times/week vs 79% for
non-drinkers; £=0.006). Moderate drinkers were the least likely to be married (76.2% vs
80.9% for non-drinkers; P=0.007). Mean triglyceride levels were lowest in the heavy
drinking group (mean + SD=110.5 + 64.9 vs 128.4 + 80.7 for non-drinkers; £=0.007).
Aspartate aminotransferase and alanine aminotransferase levels were highest among
excessive drinkers (mean £ SD=33.0 + 25.5 and 24.2 + 18.1 vs 28.8 £ 22.2 and 20.3 + 14.7
in non-drinkers; all Z’s <0.05). Number of comorbidities and frequency of cardiovascular
disease and stroke decreased with increasing levels of alcohol intake (all 7S for treng <0.05).
Non-drinkers were more likely to report being in poorer health than drinkers (14% vs 2.3%
in heavy drinkers; £<0.001). Waist-hip ratio, diastolic blood pressure, HDL-C, and gamma-
glutamy!l transferase increased with increasing levels of alcohol consumption (all ~'s ¢or trend
<0.05). There were no significant differences in history of diabetes, hypertension, liver
disease, transient ischemic attack, cancer, depression, APOE e4 allele frequency, body mass
index, or CRP by amount of alcohol consumed.

Table 2 shows baseline characteristics of the study sample by frequency of alcohol intake.
Near-daily drinking was reported by almost half (48%) of study participants. Compared to
men, women were more likely to be nondrinkers and to drink less frequently (59.2% non-
drinkers for women vs 40.8% non-drinkers for men; £<0.001). Drinking frequency did not
differ by age. Current smoking was more frequent in near-daily drinkers (17.4% vs 8.2% for
non-drinkers; £<0.001). Infrequent drinkers were the least likely to be married or to have
some college education (74.4% and 61.2% vs 80.9% and 68.2% for non-drinkers; all 7's
<0.01). Non-drinkers had the highest number of medications at baseline (mean + SD=1.2

+ 1.3 vs 1.0 £ 1.1 for near-daily drinkers; £=0.02). Triglyceride and CRP levels (mean £
SD=113.0 £ 64.5 and 2.7 £ 2.7 for near-daily drinkers vs 128.4 + 36.0 and 3.1 + 3.4 for non-
drinkers) and the proportion of individuals with diabetes (12.7% in near-daily drinkers vs
19.1% in non-drinkers) were significantly lower with increased drinking frequency (all ~'s
<0.05). Waist-hip ratio, HDL-C, and gamma-glutamyl transferase increased linearly with
drinking frequency (all ~'s for trend <0.001). Exercise frequency, history of cardiovascular
disease, liver disease, stroke, transient ischemic attack, and cancer, Beck Depression
Inventory score, APOE e4 carrier status, body mass index, aspartate aminotransferase, and
alanine aminotransferase levels did not significantly differ by frequency of alcohol
consumption.

Cognitively healthy longevity by amount of alcohol intake

Over an average of 14.2 + 7.8 years of follow-up (median=13.9 years), 353 (26%)
individuals were classified as CHL, 445 (33%) as CIL and 546 (41%) died before reaching
age 85. Amount of alcohol intake was associated with greater odds of CHL compared to CIL
or death before age 85 (Table 3). We found a curvilinear association between the amount of
alcohol intake and CHL (/<0.03 for quadratic terms). The multivariate adjusted odds of
CHL compared to CIL was approximately twice as high in moderate and heavy drinkers
compared to non-drinkers (odds ratio (OR) =1.90, 95%Cl: 1.13, 3.20 and OR=2.05, 95%ClI:
1.19, 3.93). Though not significant, the adjusted odds of CHL compared to CIL was also
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higher (OR=1.54, 95%ClI: 0.62, 3.78) in excessive drinkers compared to non-drinkers. The
likelihood of CHL compared to death before age 85 increased with the level of alcohol
intake from moderate (OR=2.41, 95%CI: 1.44, 4.03) to heavy drinkers (OR=2.88, 95%ClI:
1.69, 4.91) and was also higher in excessive drinkers (OR=2.61, 95%Cl: 1.08, 6.28)
compared to non-drinkers. There were no significant interactions between sex or APOE &4
carrier status and amount of alcohol intake on the odds of CHL (Anteraction =0-05).

Adjustment for Mediterranean diet and vitamin B12 did not change the results (not shown).
The odds of CHL also remained significantly higher among moderate and heavy drinkers
compared to nondrinkers when limited to those reporting “better” or “the same” health
compared to others their age (not shown). The positive associations between amount of
alcohol intake and cognitively healthy longevity were not diminished when we restricted
analysis to non-smokers only (not shown). When analysis was limited to those participants
below the median age, the odds ratios were slightly attenuated however the odds of CHEL
remained highest among heavy drinkers relative to non-drinkers (not shown).

Cognitively healthy longevity and frequency of alcohol intake

The adjusted odds of CHL compared to death before age 85 and CIL increased linearly with
frequency of alcohol consumption (P=0.03 and <0.001, respectively; Table 4). After
adjusting for covariates, near-daily alcohol intake was associated with a more than 3-fold
increase in the odds of CHL compared to death (OR=3.24, 95%Cl: 1.92, 5.46). Compared to
nondrinkers, those with near-daily intake of alcohol had the highest odds of CHL compared
to CIL (OR=2.06, 95%CI: 1.21, 3.49). The quadratic term for frequency of alcohol intake
did not significantly add to the model. No significant interactions were detected between sex
or APOE genotype and frequency of alcohol intake on odds of CHL (Binteraction =0.05).
Results were similar after adjustment for diet and vitamin B12 (not shown). Near-daily
drinking retained its significant protective association with CHL when analysis was
restricted to those reporting “better” or “the same” health compared to others their age (not
shown). Sensitivity analysis limited to non-smokers revealed a similar trend (not shown).
The odds of CHEL remained significantly higher in near-daily drinkers compared to non-
drinkers but associations were slightly attenuated in the subset of participants below the
median age only (not shown).

Non-participant Characteristics

Cogpnitive function data was unavailable for 584 subjects (30% of age-eligible subjects).
Compared to participants included in the analysis, these non-participants were slightly older
(71.7 vs 72.7, respectively; £=0.005) and more likely to be female (54% vs 62%,
respectively; £=0.003). The proportion of non-drinkers did not differ (10% vs 12%; P=0.38),
but among those who did drink, non-participants reported lower average weekly alcohol
intake (73 vs 93 grams/week; £<0.001) and were less likely to drink on a near-daily basis
(45% vs 54%; £<0.001).

Former drinkers versus lifetime abstainers

Compared to lifetime abstainers (n=28), former drinkers (n=129) were significantly more
likely to be past (14% vs 33%, respectively) or current smokers (0% vs 11%, respectively;
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P=0.01). Women made up 71% of the lifetime abstainers and 56% of the former drinkers
(P=0.15 for sex differences). Though not significant, lifetime abstainers had higher exercise
frequency (89% vs 77% exercised 3 or more times/week; £=0.14) and were more likely to
have attended some college (79% vs 66%; P=0.19) compared to former drinkers. Lifetime
abstainers and former drinkers were similar with regards to the number of comorbidities
(mean £ SD=1.8+ 1.2 vs 1.9 + 1.3, respectively; £=0.67) and number of medications (mean
+SD=1.1+1.3vs 1.2 £ 1.3, respectively; £=0.70).

DISCUSSION

In this study of 1,344 community-dwelling older adults, we found significant associations
between amount and frequency of alcohol intake and cognitively healthy longevity.
Moderate and heavy drinkers (up to 3 drinks/day for women and for men 65 years and older,
up to 4 drinks/day for men under 65 years) had 2-fold higher odds of living to age 85
without cognitive impairment relative to non-drinkers. Individuals who drank on a near-daily
basis were also more likely to live to age 85 without cognitive impairment than those who
drank less frequently or did not drink at all. These associations remained significant after
adjustment for numerous lifestyle and health characteristics.

To our knowledge, this is the first study to examine the association of the amount and
frequency of alcohol consumption with cognitively healthy longevity versus being
cognitively impaired in later life or dying before age 85. Our results are in accord with the
existing body of literature that supports a U-shaped or J-shaped association between alcohol
consumption and mortality [3-5]. Our results are also in agreement with previous reports
that suggest lower risk of cognitive impairment among moderate drinkers than non-drinkers
[7,8,34,35]. A meta-analyses of 74 studies [34] reported an RR of 0.77 for cognitive
impairment in moderate drinkers compared to nondrinkers with an increased risk of
cognitive impairment in excessive drinkers. While our study did not find a higher likelihood
of cognitive impairment in advanced age in excessive drinkers, very few participants in our
cohort reported drinking to excess.

Prior investigations used alternative approaches to study associations with healthy longevity
in women. Our findings are in accord with those of a recent study from the Women’s Health
Initiative Memory Study [36] designed to identify predictors of preserved cognitive function
in women age 80 or older. That study reported a significant association between moderate
alcohol intake and preserved cognition. Similarly, results from the Nurses’ Health Study,
showed an association between moderate, regular alcohol consumption at midlife and
successful ageing defined as living to age 70 without physical or cognitive impairment [37].
Although our outcome differs from these previous studies, they are all in agreement
concerning the potential benefits of alcohol consumption for healthy ageing. Our study
extends these findings to men and to a longer cognitive healthspan. We found no significant
variation in the association between alcohol intake and cognitively healthy longevity
according to sex.

Our results are in contrast to those of a population study in Norway that found that frequent
drinking was associated with increased dementia risk compared to non-frequent drinking
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[11]. However, in that study, frequent drinkers were defined as those consuming five or more
drinks in a 14-day period and comprised only 6.5% of the population, a drinking pattern
very different than that observed in our cohort. Furthermore, no information was provided
on whether alcohol intake was spread across the 14-day period or concentrated in a few days
(e.g. weekends), and, as our results show, frequency of drinking affects the association of
alcohol with cognitive function.

Potential biological mechanisms for a beneficial effect of moderate alcohol intake on
cardiovascular health have been extensively investigated [38]. However, the exact
mechanisms by which alcohol may provide neuroprotective effects are not fully understood.
Effects may be mediated through increased HDL and anti-oxidant activity and decreased
LDL, fibrinogen and platelet activity, slowing the formation of amyloid plaques and
preserving optimal vascular function in the brain [39]. In the RBS, moderate and heavy
drinkers and those reporting near-daily drinking had a more favorable cardiovascular profile
including higher HDL-C and lower triglyceride levels than non-drinkers. Alcohol also
stimulates acetylcholine release in the hippocampus, positively affecting learning and
memory [40]. The influence of moderate alcohol intake on psychosocial factors such as
stress and depression, which may also impact cognitive function, merits further study [41].

As we have noted previously [19, 42] the prevalence of any alcohol use in this study
population is higher (88%) than that in the general U.S. population (46% of older adults
aged 55 years and older according to the 1990 National Health Interview Survey [43]). The
demographic profile of the RBS cohort, which is predominantly white and middle-class with
some college education, may contribute to this difference. U.S. population surveys have
shown that the proportion of drinkers increases with income and education level, and that
whites are more likely to drink than individuals from other ethnic groups [44, 45]. These
differences between the RBS cohort and general U.S. population may limit generalizability,
but the homogeneity of the cohort increases the internal validity of our results by reducing
potential confounding by these factors.

There are a number of other limitations to this study. We examined alcohol consumption at
only one time point, however drinking patterns within this cohort remain relatively stable
over time [19]. As in the majority of alcohol-related studies, we used self-report to assess
alcohol intake. This may underestimate actual amount consumed. However, this is unlikely
to affect the rank-order of exposure categories and would introduce a conservative bias
leading to underestimation of the association. Additionally, RBS self-reported alcohol intake
correlated with values obtained from interviews conducted by trained dietitians [46] and
corresponded to indirect markers of alcohol intake including aspartate aminotransferase,
alanine aminotransferase, HDL-C and gamma-glutamyl transferase [46—49].

The reference group was composed of lifetime abstainers and former drinkers, raising the
possibility of reverse causation by including individuals who may have stopped drinking due
to poor health (i.e. “sick quitters”). However, adjustment for health-related variables
including the number of medications and comorbidities did not attenuate the association.
Additionally, a sensitivity analysis limited to individuals reporting “better” or “the same”
health as others their age yielded similar findings. This is consistent with a meta-analysis of
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19 studies that excluded “sick quitters” from the reference category and found that the
significant beneficial association of alcohol consumption remained [34].

We had no assessments of cognitive function at or prior to the assessment of alcohol intake.
Therefore, we cannot exclude the possibility of reverse causation that may have resulted if
pre-existing cognitive impairment led to a decrease in drinking. However, we believe this
was unlikely as alcohol intake was measured approximately 4 years before the first cognitive
exam, and cognitively impaired individuals are less likely to attend follow-up visits. As a
sensitivity analysis, we excluded individuals above the median age of 74 years at baseline,
because they are at higher risk of cognitive impairment than younger participants. Although
odds ratios were attenuated, the associations did not change direction.

Although the MMSE has high sensitivity for detecting dementia [50], we did not have a
neurological exam to corroborate the existence of cognitive impairment. Additionally,
cognitive test scores may fluctuate over time, and it is possible that some individuals who
did not meet criteria for impairment at age 85 or older, may have scored below the MMSE
threshold on a prior assessment. As this misclassification was likely not associated with
alcohol use and therefore non-differential with regards to exposure, results may have been
biased to the null.

There were several strengths to our study. The extensive data collected on this cohort
allowed for control of many potential confounders such as education, diet, smoking and
physical activity. Further, we addressed the heterogeneity of alcohol metabolism between
men and women by using sex-specific cutoffs when defining exposure categories for the
amounts of alcohol consumed. Finally, we considered the effects of both amount and
frequency of alcohol consumption in the analysis.

In conclusion, this study found a positive association between moderate alcohol intake and
cognitively healthy longevity, an association that was greatest in individuals with a regular,
moderate drinking pattern. In the United States, alcohol use contributes to 88,000 deaths
annually and has a substantial number of additional adverse health, economic, and societal
consequences [51]. For these reasons, it is not appropriate to recommend that abstainers
initiate drinking. However, among those who choose to consume alcohol, regular, moderate
drinking may play a role in promoting cognitively healthy longevity.

Acknowledgments

Funding: This work was supported by the National Institute on Alcohol Abuse and Alcoholism (R01 AA021187).
Data collection for the Rancho Bernardo Study was supported by the National Institute of Aging (AG007181); and
the National Institute of Diabetes and Digestive and Kidney Diseases (DK031801). There are no conflicts of
interest to report.

References

1. [Accessed January 12, 2016] United Nations, World Population Prospects: The 2010 Revision.
Auvailable at: http://www.un.org/en/development/desa/publications/world-population-prospects-
the-2010-revision.htmlLast updated May 5, 2011

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.


http://www.un.org/en/development/desa/publications/world-population-prospects-the-2010-revision.html
http://www.un.org/en/development/desa/publications/world-population-prospects-the-2010-revision.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richard et al.

11.

12.

13.

15.

16.

17.

18.

Page 11

. Lee SJ, Sudore RL, Williams BA, Lindquist K, Chen HL, Covinsky KE. Functional limitations,

socioeconomic status, and all-cause mortality in moderate alcohol drinkers. J Am Geriatr Soc. 2009;
57:955-962. [PubMed: 19473456]

. Wang C, Xue H, Wang Q, Hao Y, Li D, Gu D, Huang J. Effect of drinking on all-cause mortality in

women compared with men: a meta-analysis. J Womens Health (Larchmt). 2014; 23:373-381.
[PubMed: 24611563]

. Jayasekara H, Maclnnis RJ, Hodge AM, Hopper JL, Giles GG, Room R, English DR. Alcohol

consumption for different periods in life, intake pattern over time and all-cause mortality. J Public
Health (Oxf). 2014; 37:625-633. [PubMed: 25320075]

. Marmot MG, Shipley MJ, Rose G, Thomas B. Alcohol and mortality: a u-shaped curve. Lancet.

1981; 317:580-583.

. Orgogozo JM, Dartigues JF, Lafont S, Letenneur L, Commenges D, Salamon R, Renaud S, Breteler

MB. Wine consumption and dementia in the elderly: a prospective community study in the
Bordeaux area. Rev Neurol (Paris). 1997; 153:185-192. [PubMed: 9296132]

. Espeland MA, Gu L, Masaki KH, Langer RD, Coker LH, Stefanick ML, Ockene J, Rapp SR.

Association between reported alcohol intake and cognition: results from the Women’s Health
Initiative Memory Study. Am J Epidemiol. 2005; 161:228-238. [PubMed: 15671255]

. Peters R, Peters J, Warner J, Beckett N, Bulpitt C. Alcohol, dementia and cognitive decline in the

elderly: a systematic review. Age Ageing. 2008; 37:505-512. [PubMed: 18487267]

. Reas ET, Laughlin GA, Kritz-Silverstein D, Barrett-Connor E, McEvoy LK. Moderate, regular

alcohol consumption is associated with higher cognitive function in older community-dwelling
adults. J Prev Alzheimer’s Dis. 2016; 3:105-113. [PubMed: 27184039]

10. Zhou H, Deng J, Li J, Wang Y, Zhang M, He H. Study of the relationship between cigarette

smoking, alcohol drinking and cognitive impairment among elderly people in China. Age Ageing.
2003; 32:205-210. [PubMed: 12615566]

Langballe EM, Ask H, Holmen J, Stordal E, Saltvedt I, Selbzk G, Fikseaunet A, Bergh S, Nafstad
P, Tambs K. Alcohol consumption and risk of dementia up to 27 years later in a large, population-
based sample: the HUNT study, Norway. Eur J Epidemiol. 2015; 30:1049-1056. [PubMed:
25968174]

Hebert LE, Scherr PA, Beckett LA, Funkenstein HH, Albert MS, Chown MJ, Evans DA. Relation
of smoking and alcohol consumption to incident Alzheimer’s disease. Am J Epidemiol. 1992;
135:347-355. [PubMed: 1550089]

Britton A, Singh-Manoux A, Marmot M. Alcohol consumption and cognitive function in the
Whitehall 1 Study. Am J Epidemiol. 2004; 160:240-247. [PubMed: 15257997]

14. llomaki J, Jokanovic N, Tan EC, Lonnroos E. Alcohol consumption, dementia and cognitive

decline: an overview of systematic reviews. Curr Clin Pharmacol. 2015; 10:204-212. [PubMed:
26338173]

Bagnardi V, Zatonski W, Scotti L, La Vecchia C, Corrao G. Does drinking pattern modify the effect
of alcohol on the risk of coronary heart disease? Evidence from a meta-analysis. J Epidemiol
Community Health. 2008; 62:615-619. [PubMed: 18559444]

Naimi TS, Xuan Z, Brown DW, Saitz R. Confounding and studies of “moderate” alcohol
consumption: the case of drinking frequency and implications for low-risk drinking guidelines.
Addiction. 2013; 108:1534-1543. [PubMed: 23075385]

O’Keefe JH, Bhatti SK, Bajwa A, DiNicolantonio JJ, Lavie CJ. Alcohol and cardiovascular health:
the dose makes the poison...or the remedy. Mayo Clin Proc. 2014; 89:382-393. [PubMed:
24582196]

Criqui MH, Barrett-Connor E, Austin M. Differences between respondents and non-respondents in
a population-based cardiovascular disease study. Am J Epidemiol. 1978; 108:367-372. [PubMed:
727205]

19. McEvoy LK, Kritz-Silverstein D, Barrett-Connor E, Bergstrom J, Laughlin GA. Changes in

alcohol intake and their relationship with health status over a 24-year follow-up period in
community-dwelling older adults. J Am Geriatr Soc. 2013; 61:1303-1308. [PubMed: 23865905]

20. National Institute on Alcohol Abuse and Alcoholism. Department of Health and Human Services.

The physicians’ guide to helping patients with alcohol problems. Bethesda, MD: 1995.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richard et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 12

Tombaugh TN, Mclintyre NJ. The Mini-Mental State Examination: a comprehensive review. J Am
Geriatr Soc. 1992; 40:922-935. [PubMed: 1512391]

Wiederholt WC, Cahn D, Butters NM, Salmon DP, Kritz-Silverstein D, Barrett-Connor E. Effects
of age, gender and education on selected neuropsychological tests in an elderly community cohort.
J Am Geriatr Soc. 1993; 41:639-647. [PubMed: 8505462]

Shirk SD, Mitchell MB, Shaughnessy LW, Sherman JC, Locascio JJ, Weintraub S, Atri A. A web-
based normative calculator for the uniform data set (UDS) neuropsychological test battery.
Alzheimers Res Ther. 2011; 3:32.doi: 10.1186/alzrt94 [PubMed: 22078663]

Hoops S, Nazem S, Siderowf AD, Duda JE, Xie SX, Stern MB, Weintraub D. Validity of the
MoCA and MMSE in the detection of MCI and dementia in Parkinson disease. Neurology. 2009;
73:1738-1745. [PubMed: 19933974]

Kritz-Silverstein D, Barrett-Connor E, Corbeau C. Cross-sectional and prospective study of
exercise and depressed mood in the elderly: the Rancho Bernardo study. Am J Epidemiol. 2001;
153:596-603. [PubMed: 11257068]

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression.
Arch Gen Psychiatry. 1961; 4:561-571. [PubMed: 13688369]

Hypertension Detection and Follow-up Program Cooperative Group. The Hypertension Detection
and Follow-up Program. Prev Med (Baltim). 1976; 5:207-215.

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult
Treatment Panel I111). JAMA. 2001; 285:2486-97. [PubMed: 11368702]

Lipid Research Clinics Program Manual of Laboratory Operations. Vol. 1. Washington, DC: U.S.
Govt. Printing Office; 1974. (NIH publ. no. 75-628)

Siest G, Pillot T, Régis-Bailly A, Leininger-Muller B, Steinmetz J, Galteau MM, Visvikis S.
Apolipoprotein E: an important gene and protein to follow in laboratory medicine. Clin Chem.
1995; 41:1068-1086. [PubMed: 7628082]

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and
validity of an expanded self-administered semiquantitative food frequency questionnaire among
male health professionals. Am J Epidemiol. 1992; 135:1114-1126. [PubMed: 1632423]
Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a Mediterranean diet and
survival in a Greek population. N Engl J Med. 2003; 348:2599-608. [PubMed: 12826634]

Fung TT, Rexrode KM, Mantzoros CS, Manson JE, Willett WC, Hu FB. Mediterranean diet and
incidence of and mortality from coronary heart disease and stroke in women. Circulation. 2009;
119:1093-1100. [PubMed: 19221219]

Neafsey EJ, Collins MA. Moderate alcohol consumption and cognitive risk. Neuropsychiatr Dis
Treat. 2011; 7:465-484. [PubMed: 21857787]

Panza F, Capurso C, D’Introno A, Colacicco AM, Frisardi V, Lorusso M, Santamato A, Seripa D,
Pilotto A, Scafato E, Vendemiale G, Capurso A, Solfrizzi V. Alcohol drinking, cognitive functions
in older age, predementia, and dementia syndromes. J Alzheimers Dis. 2009; 17:7-31. [PubMed:
19494429]

Goveas JS, Rapp SR, Hogan PE, Driscoll I, Tindle HA, Smith JC, Kesler SR, Zaslavsky O,
Rossom RC, Ockene JK, Yaffe K, Manson JE, Resnick SM, Espeland MA. Predictors of Optimal
Cognitive Aging in 80+ Women: The Women’s Health Initiative Memory Study. J Gerontol A Biol
Sci Med Sci. 2016; 71(Suppl 1):S62—-71. [PubMed: 26858326]

Sun Q, Townsend MK, Okereke OI, Rimm EB, Hu FB, Stampfer MJ, Grodstein F. Alcohol
consumption at midlife and successful ageing in women: a prospective cohort analysis in the
nurses’ health study. PLoS Med. 2011; 8:e1001090. [PubMed: 21909248]

Nova E, Baccan GC, Veses A, Zapatera B, Marcos A. Potential health benefits of moderate alcohol
consumption: current perspectives in research. Proc Nutr Soc. 2012; 71:307-315. [PubMed:
22391060]

Kim JW, Lee DY, Lee BC, Jung MH, Kim H, Choi YS, Choi I-G. Alcohol and cognition in the
elderly: a review. Psychiatry Investig. 2012; 9:8-16.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richard et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 13

Beydoun MA, Beydoun HA, Gamaldo AA, Teel A, Zonderman AB, Wang Y. Epidemiologic
studies of modifiable factors associated with cognition and dementia: systematic review and meta-
analysis. BMC Public Health. 2014; 14:e643.

Heath DB. Why we don’t know more about the social benefits of moderate drinking. Ann
Epidemiol. 2007; 17:S71-S74.

Chan AM, von Mihlen D, Kritz-Silverstein D, Barrett-Connor E. Regular alcohol consumption is
associated with increasing quality of life and mood in older men and women: The Rancho
Bernardo Study. Maturitas. 2009; 62:294-300. [PubMed: 19232847]

Ruchlin HS. Prevalence and Correlates of Alcohol Use among Older Adults. Prev Med (Baltim).
1997; 26:651-657.

Grant BF. Prevalence and correlates of alcohol use and DSM-IV alcohol dependence in the United
States: results of the National Longitudinal Alcohol Epidemiologic Survey. J Stud Alcohol. 1997;
58:464-73. [PubMed: 9273910]

Moore AA, Gould R, Reuben DB, Greendale GA, Carter MK, Zhou K, Karlamangla A.
Longitudinal patterns and predictors of alcohol consumption in the United States. Am J Public
Health. 2005; 95:458-65. [PubMed: 15727977]

Jones BR, Barrett-Connor E, Criqui MH, Holdbrook MJ. A community study of calorie and
nutrient intake in drinkers and nondrinkers of alcohol. Am J Clin Nutr. 1982; 35:135-139.
[PubMed: 7064869]

Conigrave KM, Degenhardt LJ, Whitfield JB, Saunders JB, Helander A, Tabakoff B. CDT, GGT,
and AST as markers of alcohol use: the WHO/ISBRA collaborative project. Alcohol Clin Exp Res.
2002; 26:332-339. [PubMed: 11923585]

Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. Effect of alcohol consumption on
biological markers associated with risk of coronary heart disease: systematic review and meta-
analysis of interventional studies. BMJ. 2011; 342:d636. [PubMed: 21343206]

Niemeld O. Biomarker-Based Approaches for Assessing Alcohol Use Disorders. Int J Environ Res
Public Health. 2016; 13:166. [PubMed: 26828506]

Harvan JR, Cotter VT. An evaluation of dementia screening in the primary care setting. J Am Acad
Nurse Pract. 2006; 18:351-360. [PubMed: 16907696]

Centers for Disease Control and Prevention (CDC). [Accessed on March 1, 2016] Alcohol and
public health: Alcohol-related disease impact (ARDI). Available at: www.cdc.gov/ARDI. Last
updated 2013

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 14

Richard et al.

100°0> 1000>  (80°0) 680 (80°0) 98°0 (80°0) ¥8°0 (80°0) ¥8°0 oney diH-Isrem
G8°0 060 (L€) 62 (re) 9ve (9€) Lve (6€) 8 (zwi/Bx) xapu sselN Apog
99°0 76°0 8'62 0'92 6'G2 9'Ge 268=U J3111ed ¥3 304V

€€ € 6€ (3 8SI0M

€z G6T 66T L'6T awes

8'€L z8L 9L 299 loneg
100 T00°0> pUhEsy paniaolad-}|as
50 810 L1 £9 69 0T yLZT=U puoissaidag
200 700 L9T 8Tl 96T TTZ  2ZET=U 8WOIPUAS lj0qeIBIN
16°0 060 €'6¢ 707 T7'8¢ 807 uoisuaadAH Jo A10isIH
0L'0 70 €712 6'62 €12 8'92 18oue) 4o AIoisiH
L0 8.0 97 LT v'T S VIL J0 KIoIsIH
100 800 0 6C A 7’9 a4ons 40 AloisIH
99°0 650 86 7’9 L8 91 aseasip Janq 4o AIoisiH
820 800 €Te S¢T 67T T6T sa1aqelq Jo AI0iSIH
200 ST0 T€T A 7’81 € AAD 40 AIoIsIH
€00 1000 9€8 18 zolL 608 paLtel
7000 100 €08 9yL 19 289 afe|10D swos
€€°0 9000 T2 €18 T°€8 0'6L (feamysawn £2) asiosex3

8¢ €L g8 68 waun)

ey 1'65 g8y 6'62 1sed

€z YX/ 62y TT9 13AeN
T000> T00°0> snyels Bupjows
600 100°0> (59) 29 (To)tes (oLt (L9)8TL s1eak ul oby

T'vS GYS 8'6€ 807 979=U US|

6'G g'ap z'09 765 8Z/=U USWOM
T000>  T00'0> X85

(@s)uesn 9% (as)uesw % (as)uesw 9% (QS) uesn %
o®MBAd  e8NBAd  (79=u) anissaox3 (18v=u) AnesH  (Gy9=U) 91eI3POIN  (LGT=U) SIa¥ULIP-UON

Apms opJeulag oyouey ayl :(yFET=u) axeiul [oyodJe Jo Junowe 0} Buipiodde syuedioiled Jo sonsualoeleyd (/86T—86T) auljaseg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 15

Richard et al.

S158] 80URDIHIUBIS 10} PBLIOJSURI) mo._m

s19ad 0} pasedwiod Yieay um>_memg-:mmb

€T Z 9Jeos Alojuaau| uoissaidag LECR

elep |eo1ioBe1ed 1oy uoissalbal [eiwounR|NW pue d13sIBo| pue elep SNoNUUO0D 10y UOISsaIBal Jeaul| Uuo paseq puall _SQQ

e1ep [e9110631e 10} 1S3} 10BXA S, Jaysld 10 Nx PUe e1ep SNONURUOO 10} YAONY UO Paseq S3oUaIsyip 10}d,

>[081e D1WaYdsI JuBISUR /| L ‘8inssaid poo|q 2110IsAS 'dgS ‘|0J81sa|oyd-1aT ‘O-1d T 0481s8joyd-1aH ‘O-1dH
‘aseuaysuel) |Awein|B-ewweb ‘1 99 ‘ainssaid poojq 91j0IseIp ‘daq u1sioid aAIRIY-D ‘dHD ‘selsjsurioulWe dleliedse ‘| SV 3 ulsloldodijody ‘JOdY ‘asesaysuriouIwe auluefe ‘1Y SUOIBIASIGOY

0 620 (1282 8217 w6 re)Te 0v01=U5(1/6u) ddd
690 €00 (T8T)2¥e (91T) T6T (e2T) 8°6T (Lv1) g0T (wnn) v
660 8000 (5'g2) €€ (e zoe (ev) T2 (z'ze) 882 (wni) Lsv
1000>  1000>  (8'02) L'6T (€11) 191 (T12) 5 ¥1 (c11) 21 2(UNL99
900 v10 (6'0) 60 (T1oT1 (rfot (et SUoneDIPBIAl JO "ON
€00 200 (Tmer (enot (emot (em6T $3IIPIGIOWOD JO 'ON
100 L0000 (6'99) 22T (6'¥9) S0TT (T's2) Leet (2'08) v'82T (1p/Bw) sapuaak|buL
LT0 8v0'0  (8'L€) T'6ET (e2€) 9'5eT (T'9¢) ¥'L€T (9¢) L8zt (1p/Bw) 0-1a1
T000>  T000> (L'T2) €89 (z61) 9°59 (987) ¥'09 (791) 9'95 (1p/Bw) O-1aH
100°0> 1000 (L'6) v'6L (Te)eLL (56) 9°SL (To1) 9'6L (1p/Bw) dga
160 100 (102) G'6ET (2°02) v'1vT (e'02) T'6€T (Ted) zevt (1p/Bw) dgs

(@s)uean 9% (@S)uesN 9%  (a@S)uesN % (as) ueaiy %

®NBAd  e3NEAd  (79=u) anissaoxT (187=u) AneaH  (Sp9=u) 87e4epON  (LGT=U) SI8ULIP-UON

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 16

Richard et al.

100°0> 1000>  (80°0) 980 (600) 580 (80°0) ¥8°0 (80°0) ¥8°0 oney diH-Isrem
910 0 (re) sve (9€) 8 (8€) 87 (6€) 8 (zwi/Bx) xapu sselN Apog
220 120 6'82 802 912 9'Ge 268=U J3111ed ¥3 304V

LT ST 6 (3 8SI0M

§0C 902 78T L'6T awes

8'9. 6'9. LL 299 loneg
100 T00°0> pUhEsy paniaolad-}|as
170 820 L9 LS '8 0T pLe1=U yuoissaidaq
100°0> 2000 vl 0zt €61 T'TZ  ¢ZET=U 3WOIPUAS 1j0eIBN
¥8°0 700 STy T7°0€ 80 807 uoisuaadAH Jo A10isIH
ST0 z€0 T0E 8T/ 79z 8'92 18oue) 4o AIoisiH
6,0 2L0 LT €1 €T S VIL J0 KIoIsIH
500 €20 0€ 8¢ A 7’9 B0NS J0 AIoISIH
€80 10 T TL 00T 9L 8seasIp JaAIT 4o AoisIH
100 800 LT 8€T 8T T6T sa1aqelq Jo AI0iSIH
970 S0 €97 8T LT € AAD 40 AIoIsIH
100 2000 6'€8 zalL e 608 paLLe
2000  T00°0> g€l 67L z19 289 abajj00 awos
500 v1°0 0'G8 798 718 0'6L (feamysawn £2) asiosex3

VLT S '6 68 waun)

6'€S 6'95 SOy 6'62 1sed

182 9'Ge A TT9 13AeN
7000>  T00'0> smieis Bupjows
50 1§50 (99) 912 (99)zTL (TdoeL (L9)8TL steak ul oby

0'€S oy 0€e 807 979=U US|

0Ly 9'€S 029 765 8Z/=U USWOM
T000>  T000> X85

(@s)uean 9%  (@S)uedN % (as) ueain %  (as)uesy %

Qmj_m\/ d edNEAd

(8£9=U) Alrep-resN

(6€2=U) AP1aan

(60€=U) (owy/zs) usnbaiyu|

(£GT=U) s48xuLIP-UON

Apms opJeulag oyouey ayl :(EFET=u) axeiul joyodje Jo Aouanbaly syl 01 Buipiodoe syuedioiuied Jo sonsualoeseyd (/86T—86T) auljaseg

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 17

Richard et al.

S158] 80URDIHIUBIS 10} PBLIOJSURI) mo._m

s19ad 0} pasedwiod Yieay um>_memg-:mmb

€T Z 9Jeos Alojuaau| uoissaidag LECR

elep |eoti0Ba1ed Joy UoIssalBal [erwoun|nw pue o1sIBO| pue elep SNONURUOD 10} UOISSaIBal Jeaul| Uuo paseq puaiy 4oy o

q

e1ep [e9110631e 10} 1S3} 10BXA S, Jaysld 10 Nx PUe e1ep SNONURUOO 10} YAONY UO Paseq S3oUaIsyip 10}d,

31081 21WaYds JuBIsUe) /| L ‘ainssaid poo|q

11015AS ‘dgs ‘J0JeIs8|oya-1aT ‘-1 ‘Joslss|oyd-1aH ‘O-TaH
‘aseuaysuel) |Awein|B-ewweb ‘1 99 ‘ainssaid poojq 91j0IseIp ‘daq u1sioid aAIRIY-D ‘dHD ‘selsjsurioulWe dleliedse ‘| SV 3 ulsloldodijody ‘JOdY ‘asesaysuriouIwe auluefe ‘1Y SUOIBIASIGOY

£0'0 p00 (LD 2Le 0212 ®20€ re)Te 0v01=U5(1/6u) ddd
G0 160  (921) 86T (6'0T) 86T (zeT) L6T (Lv1) g0T (wnn) v
LE0 oro  (Lst)eLe (s01) T'92 wv1)sLe (z'ze) 882 (wni) Lsv
1000>  T000> (tg) 9'st (8'62) 0°ST (Tzo)eet (s11) 02T 2(UNL99
200 200 (rnot (01) 60 (eDtT (et SUoneDIPBIAl JO "ON
100 7000 (en ot Ty (RPN (em6T Sa1IPICIOWOD JO 'ON
1000 6000  (§¥9) ETT (o) eTet ('8L) 8'L2T (2'08) v'82T (1p/Bw) sapuaak|buL
1000 200 (9'9¢) z'seT (zge) zlet (6'2€) 9'6€T (9¢) L8zt (1p/Bw) 0-1a1
1000>  T000>  (¥'6T) 9°G9 (261) 9'19 (727) 88 (791) 9'95 (1p/Bw) O-1aH
100 v0'0 (96)TLL (2'8)9sL (€6) 6'SL (To1) 9'6L (1p/Bw) dga
150 9v0'0  (2'02) 6'0¥T (T61) 9°L€T (6'02) €'0vT (Ted) zevt (1p/Bw) dgs

(@s)ueaN 9% (@S)uesN % (as) ueaiy % (as) ueaiy %

PMEAd  e3NBAd  (geg=u) Ajrep-IeaN (652=U) Apteamy  (60g=U) (0w/zs) Wanbaiyul  (2GT=U) SI8YULIP-UON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 18

Richard et al.

puaJy Jeaulj-uou 10y m:_m>n\Q

sanfeA Buissiw 1oy uonendwi sjdnnw Buisn pajessuso,

uolssaidaq + v [3POIN S |9PON

SN1eIS [elBN + € [SPOIN 17 [9POIN

SUOIIRJIPSIA JO J8qUINN + SBIIPICIOWO0I JO JSQWINN + Z [3POIA € [9POIN
oney diH-1SIBM + 8519J9X3 + BuIyows + T [9POIN :Z [3POIN

909|100 8WOS + XaS + auljaseq e aby T [9PON

0I7eJ SPPO ‘YO ‘[eAlalul 8duapyuod ‘1D ‘Auasbuoj pasredwi AjpAniubos 719 ‘Aunsbuoj Ayjeay AjaAniubod “JHD :suoneinlqay

€00  8/€'290 VST E€SE6TT S0Z OZE'SIT 06T ARy T 200 829'80T T9C T6V'69T 887 S0V'YYT Tye AR T £S5 18PON
€00  9/€'790 €ST ISE'6TT v0Z <CZE¥IT T6T ey T 200  26S'T0T 9v'Z €8%'S9T ¢8C VEEOVT GET ey T ¥ 19pOIN
v0'0 €290 ¢ST 8ve'8TT €0C YIE'TTT /8T Wl T 200  88'S'20T SYZz 8LY'¥W9T 08¢ 89E€'6ET I€T ey I € 19O
8v00  /S€'6S0 SY'T PEEWYTT G6T 667 L0T 6LT ey T 200  26S'€0T 8y'Z 067 '0LT 88C T6E'TYT GET ey T Z I8poIN
6v00  TT'€'€S0 82T 90€'Z0T 18T #82'20T OLT Wampy T v000  T9C'Z90 95T €0V '9¥T v 8SEVET 6TC Wy T T I3POIN
€00  89C'¥0 TT ¥OE'/0T 08T 7T8Z'T0T 69T ey T  T000> 0SC'8y0 OTT V¥9E'SET Tge GSre'T€T €Tc ey T pawsnipeun

10%56 dO0  10%S6 d0  10%S6 HO  10%S6 dO 109%56 dO  10%S6 HO  10%S6 MO  10%S6 dO

genlen d 3AISS30X] AneaH 31e43pON siajuup-uoN  geNIEAd 3AISS30X] AneaH a1elapon S1aUIIP-UON

(112) Ansbuo pairedwi| AlpARIuBOD SA TTHD 40 SPPO Gg abe a10j8q yreaq sA THO 40 SPPO

uoissalbal ans1bo| ferwounnw Jo synsal {(THY) Auasbuo jeuondsax3 AylesH AjpAniubo) pue axelul [oYodJe JO JUNoWe 3yl Usamlad UoIRII0SSY

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



Page 19

puaJy Jeaul| 10} m:_m>n\Q

sanfeA Buissiw 1oy uonendwi sjdnnw Buisn pajessuso,

uoissaidaq + ¥ [3POIN S |19pPON

SN1eIS [elBIN + € [SPOIN 17 [9POIN

SUOIIBIIP3IAl JO JaqUINN + SAIIPIGIOWOD JO JBQUINN + ¢ [SPOIA € [9POIA
oney diH-1SIeM + 8S1049X3 + BuIyows + T [9POIN :Z [3POIN

a68]100 8WOS + X8S + auljaseq Je 8By T [3POIN

0l17eJ SPPO ‘YO ‘[eAlalul 8duapuod ‘1D ‘Auasbuol pasredwi AjAniubos 719 ‘Aunsbuol Ayreay AjaAniubod THD :suoneinalqay

€00  6YETZT 90T STE/60 9LT GZE'90T  G8T ey T T000>  9v'S'26T vZ€ 6LEUTT TUZ  95E'8TT G0z aspy 1 eSIBPON
€00  IVE'TCT S0Z ¢ZE'860 8LT 9Z€'90T 98T Waspey T T000> GEG'/8T 9TE 89EYTT 0T LVEWYTT 66T ek T ¥ 13poIN
€00  SYE'0CT 07 ET€'960 LT 8TEWOT  ¢8T Waspey T T000> ¢€G'/8T STE T9E'CTT 107 ere'STT 96T ek T € 19O
v0'0  TEE'9TT 96T €62'060 €9T 80C'TOT  9LT ey T T000> EFSZ6T €€ ELELTT 80C OVEWTT 96T sy T Z 19PON
800  T0€'80T T8T ¥.T'980 €ST 96Z'860  OLT ey T T000> [ZV'6ST 09C rE'TTT 96T 9TE'60T 98T ek T T 13poIN
600  96C'/0T 8T S9C'€80 6¥'T /62'860  TLT ey T €000  €L€T¥T 0SZ OTE'€0T 6LT GSZE€%TT  ¢6T asmpey T pawsnipeun

10956 8O  10%S6 MO 10%S6 MO 10%S6  HO 10%56 dO0  10%S6 HO  1D0%S6 dO  10%S6 ¥O

gniend Ajrep-1eaN INEENTY owyxz=>1snbaiyu]  siajuup-uoN  g°NIEAd Alrep-1eaN AP1oam owyxg=>1uanbaiu]  SI3ULIP-UON

(112) Aunsbuo pasredw| AjpARIuBoD SA TTHD 40 SPPO Gg afe 810489 yreaq sA TTHO 40 SPPO

Richard et al.

uoissaibal onsibo| [eiwouninw Jo synsai {(THY) Alinabuo jeuondasox3 AuyljeaH AjaAniubo) pue ayeiul joyode Jo Aduanbaly ay) usamiaq UoIRIdN0SSY

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 08.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Alcohol consumption
	Mortality assessment
	Cognitive status
	Covariate assessment
	Statistical analysis

	RESULTS
	Population characteristics
	Cognitively healthy longevity by amount of alcohol intake
	Cognitively healthy longevity and frequency of alcohol intake
	Non-participant Characteristics
	Former drinkers versus lifetime abstainers

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4

